Abstract
Introduction

17
The turn of the century has witnessed a paradigm shift in how we view the role of hybridization 18 for building up biological diversity. While hybridization was previously assumed to be spatially suggesting that backcrossing has occurred about equally often with both parental species (Fig. 2j) .
154
In agreement with the interpretation of seven individuals as backcrossed second-generation hybrids,
155
scaffolds represented by multiple sites in the ancestry painting largely showed the same pattern at 156 all of these sites, indicating that recombination breakpoints are rare (Supplementary Figure 14) . marmorata and A. megastoma. The top and bottom horizontal bars represent 302 sites that are fixed for different alleles between the two species; all other bars indicate the alleles at each of those sites. White color indicates missing data. Heterozygous alleles are shown with the top half in each bar matching the second parental species and vice versa. b) Ancestry painting for 3 contemporary hybrids between A. marmorata and A. obscura, based on 742 sites fixed between these two species. c) Ancestry painting for one hybrid between A. megastoma and A. obscura, based on 525 fixed sites. d) Ancestry painting for one hybrid between A. marmorata and A. interioris, based on 429 fixed sites. e) Morphological variation between A. marmorata and A. megastoma. Hybrids identified in a) are marked with specimen IDs. Mean phenotypes per species are marked with black dots that are connected by a dashed line f -h) as e) but for the hybrids identified in b)-d). i) Histogram of heterozygosity observed in hybrids. j) Histogram of the proportions of hybrid genomes derived from the maternal species (according to mitochondrial sequence data). k) Histogram of the relative morphological similarities between hybrids and the maternal species, measured as the relative proximity to the mean maternal phenotypes, compared to the proximity to the mean paternal phenotype. l) Comparison of the proportions of hybrids' genomes derived from the maternal species and the similarity to the mean maternal species' phenotype. The dotted line indicates a significant positive correlation between the two measures (p < 0.01; R 2 = 0.381). mito: mitochondrial genome; AD: distance between the dorsal fin and the anus; PDH: predorsal length without head; TL: total length. Table 7 ), indicating that 171 genomic similarity to parental species is correlated with morphological similarity (Fig. 2l) .
172
In contrast to their intermediate size-standardized overall morphology, hybrids in some cases Table 1 ). Combinations marked with "x" symbols indicate sister taxa; introgression between these could not be assessed. Asterisks indicate the significance of f4 values (*: p < 0.05; **: p < 0.01; ***: p < 0.001), estimated with the F4 software (Meyer et al., 2017) . The cladogram on the left summarizes the species-tree topology according to a) and the significant signals of introgression according to b). c-d) Comparisons of the maximum D value per species with the species' geographic range or population mutation rate Θ. Geographic range was measured as the number of geographic hexagons (see Fig. 1 ) in which the species is present, and Watterson's estimator (Watterson, 1975) was used for the population mutation rate Θ. n.s., not significant. e) Genomic patterns of phylogenetic relationships among A. marmorata, A. obscura, and A. megastoma, based on WGS reads mapped to the eleven largest scaffolds (those longer than 5 Mbp) of the A. anguilla reference genome. Blocks in light gray show 20,000-bp regions (incremented by 10,000 bp) in which A. marmorata and A. obscura appear as sister species, in agreement with the inferred species tree; in other blocks, A. megastoma appears closer to either A. obscura (gray) or A. marmorata (dark gray).
To further test whether the tree discordance is due to past introgression or other forms of model Table 9 ). All except the comparison in the last row are based on RAD-sequencing derived SNP data; the last comparison is based on WGS reads of a single individual of the three species. Either A. mossambica, A. megastoma, A. interioris, or A. anguilla (in the comparison based on WGS data) were used as outgroups and the comparison resulting in the largest D value is reported when multiple of these outgroups were used. n: number of sites variable among the included species; CABBA: number of sites at which species P2 and P3 share the derived allele; CBABA: number of sites at which P1 and P3 share the derived allele.
of these species (the first-generation hybrid BOU15017 with an A. marmorata mother and an A. each other than to A. megastoma (Fig. 3e) . The alternative topologies with either A. obscura or megastoma with a divergence time around 10 Ma (Fig. 1d) , supports this conclusion in a natural 294 system, indicating that prezygotic reproductive barriers may generally be weak in tropical eels.
295
This interpretation is strengthened by the fact that the 25 hybrids in our dataset were sampled 296 in five different years (Supplementary Table 7 which were found to be particularly diagnostic for Anguilla species (Watanabe et al., 2004) .
355
Sequencing and quality filtering. Genomic DNA was extracted using the DNeasy Blood and below 600,000, a number of mapped reads below 70%, or a proportion of singletons above 5%) were 372 excluded (n = 26). Variants were called using the "gstacks" tool, requiring a minimum mapping 373 quality of 20 and an insert size below 500. Called variants were exported to variant call format
374
(VCF) and haplotype format using the "populations" tool, allowing maximally 20% missing data 375 and an observed heterozygosity below 75%, returning 1,518,299 SNPs.
376
The VCF file was further processed in two separate ways to generate suitable datasets for Figure 1) .
383
For analyses of genomic variation within and among species, filtering was done using VCFTOOLS was used to infer clusters of shared ancestry, setting the number of burnin iterations to 100,000, the 470 sample iterations to 100,000, and the thinning interval to 1,000. Finally, to reflect the relationships 471 within the co-ancestry matrix, the inferred clusters were arranged according to a tree inferred with 472 fineSTRUCTURE, using 100,000 hill-climbing iterations and allowing all possible tree comparisons. A. marmorata and A. megastoma, A. marmorata and A. obscura, A. megastoma and A. obscura, and A. marmorata and A. interioris. To verify these putative hybrids, we determined sites that were fixed in each of the four species pairs, considering only the "core"-group individuals for A. marmorata, A. megastoma, and A. obscura (see section "Morphological analyses"; 73, 26, and 26 individuals, respectively) and the three available individuals for A. interioris (Supplementary Table  1 ). At each fixed site for which no more than 20% of genotypes were missing, we then assessed the genotypes of the putative hybrids and plotted these in the form of "ancestry paintings" (Runemark et al., 2018) . We expected that first-generation (F1) hybrids would be consistently heterozygous at nearly all sites fixed for different alleles between parental species (some few loci that appear fixed between the sampled individuals of the parental species might not be entirely fixed in those species), and that backcrossed individuals would show a heterozygosity (h fixed ) of around 50% or less at these sites. For each verified F1 or backcrossed hybrid, we further quantified the proportion of its genome derived from the maternal species, f m,genome , based on its genotypes at the sites fixed between parents and assuming that its mitochondrial genome reliably indicates the species of its mother. Finally, we also quantified the relative morphological similarity to the maternal species, f m,morphology , for each hybrid, corresponding to the position of the hybrid on an axis connecting the mean morphology of the maternal species with the mean morphology of the paternal species. A. bicolor, and A. obscura forming a monophyletic group to the exclusion of A. interioris (H3).
491
These likelihood calculations were performed using IQ-TREE with the GTR substitution model,
492
and two replicate analyses were conducted for each combination of locus and hypothesis. Per locus,
493
we then compared the three resulting likelihoods and quantified the numbers of loci supporting H1 494 over H2, H2 over H1, H1 over H3, H3 over H1, H2 over H3, and H3 over H2. We expected that the 495 true species-tree topology would be supported by the largest number of loci, and that introgression Table 1 ). As this statistic is applicable to quartets of species in which one is the outgroup to all others and two species (labeled P1 and P2) are sister taxa, we calculated the D statistic separately for all species quartets compatible with the species tree inferred through genealogy interrogation. In this species tree, A. mossambica is the sister to all other species and A. interioris is the sister to a clade formed by the two species pairs A. marmorata and A. luzonensis and A. bicolor and A. obscura. Per species quartet, the D statistic was calculated as
where C ABBA is the number of sites at which P2 and the third species (P3) share a derived allele 499 and C BABA is the number of sites at which P1 and P3 share the derived allele. If sites were not 500 fixed within species, allele frequencies were taken into account following Martin et al. (2015) . In the 501 absence of introgression, D is expected to be zero; positive D values are expected when introgression 502 took place between P2 and P3, and negative D values result from introgression between P1 and P3.
503
In addition to the above analyses based on RAD-sequencing derived SNPs, the WGS data for A. tet from a fully genomic dataset. To this end, WGS reads of the three species were mapped against 507 the A. anguilla reference assembly using BWA MEM, and sorted and indexed using SAMTOOLS. The genome-wide consensus sequences for A. marmorata, A. megastoma, and A. obscura, aligned 535 to the A. anguilla reference-genome assembly (Jansen et al., 2017), were further used to test for 536 introgressed regions on the largest scaffolds of the reference genome (11 scaffolds with lengths greater 537 than 5 Mbp). To this end, maximum-likelihood phylogenies of the four species were generated with 538 IQ-TREE for blocks of 20,000 bp, incremented by 10,000 bp, with IQ-TREE settings as described 539 above for species-tree inference.
540
Estimating effective population sizes. Distributions of genome-wide coalescence times were 541 inferred from WGS reads of A. marmorata, A. megastoma, and A. obscura using the pairwise 
Data availability
559
The raw RADseq data will be deposited on the NCBI SRA database. Genome assemblies for A. mar-560 morata, A. megastoma, and A. obscura are deposited on ENA with project number PRJEB32187.
561
Morphological measurements, SNP datasets in VCF format, and input and output of phylogenetic 562 analyses will be deposited on Dryad. Code for computational analyses is available from Github 563 (http://github.com/mmatschiner/anguilla).
